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SUMMARY
The tapeworm Raillietina trapezoides was studied in a Tunisian population of the fat sand rat Psammomys obesus. Seasonal
changes in the abundance of parasite and host were monitored in a longitudinal ﬁeld survey lasting 20 months. In total 582
intestinal samples were collected during 10 trapping sessions between May 1995 and January 1997 and examined. The
impact of abiotic and biotic factors on the prevalence and parasite burden were explored, using generalized linear models.
R. trapezoides showed a seasonal pattern with most transmission occurring in summer and autumn. In August–September
when the rodents were at low density and most adult (90–100%) were infected. In winter, infections with R. trapezoides
were highly prevalent in the cohort of adults only. The worm burden by number was also high in late summer and
autumn. Prevalence and parasite burden by number or by biomass were highly age dependent. Season and age act in
synergy so that the rodents were highly infected in late summer and autumn. Unusually dry conditions in winter seemed
to increase prevalence and to reduce the number of worms. There was no diﬀerence between males and females in
prevalence or parasite burden (by number or by biomass). Prevalence was not correlated with the relative density of the
hosts whereas parasite burden depended upon their densities. The more numerous the worms were, the smaller they were
individually, reﬂecting a crowding eﬀect. The possibility of an immune response regulating P. obesus is discussed, in
regard to the very high natural prevalence and the variation in worm burden, and compared with other parasite–host
systems.
Key words: Raillietina trapezoides, Psammomys obesus, population structure, temporal dynamics, prevalence, parasite
burden.
INTRODUCTION
Psammomys obesus Cretzschmar 1828, is a diurnal
gerbillid rodent whose range extends from Maur-
itania to Syria and Saudi Arabia, and to the Red Sea
Coast of Sudan (Fichet-Calvet et al. 2000a). It lives
in saline habitats, notably ‘succulent halophytic
steppes’ or along wadi edges, where the main food
plants, Chenopodiaceae, grow (Petter, 1961; Kam &
Degen, 1989; Zaime & Gautier, 1989). It is the main
reservoir host for zoonotic cutaneous leishmaniasis
caused by the protozoan parasite, Leishmania major
(Gunders et al. 1968; Ashford et al. 1977; Ashford,
2000). This is why its population biology was studied
in Tunisia, in particular its reproduction (Fichet-
Calvet et al. 1999) and its distribution in time and
space at the regional scale (Fichet-Calvet et al.
2000a).
The tapeworm, Raillietina trapezoides Janicki
1904, was originally described as Davainea
trapezoides, from ‘Mus variegatus ’ (=Arvicanthis
niloticus) from Egypt. The species has been found
in Israel, in gerbillid and dipodid rodents : Gerbillus
spp., Meriones spp., P. obesus and Jaculus jaculus
(Wertheim, Schmidt & Greenberg, 1986). The in-
termediate host(s) is unknown.
The study of the fat sand rat P. obesus in Tunisia
involved the sampling of the population over a 2-year
period. It was based on a large sample size, provid-
ing an opportunity to correlate parasite infection
with climatic conditions and demographic par-
ameters. The aim of the present work is to test for
any eﬀect of abiotic (season, weather conditions) and
biotic (host age, sex and density) factors on the in-
fection rate (prevalence) and intensity in the rodent
population.
MATERIALS AND METHODS
Study site and sampling of host population
The area is in the arid bioclimatic zone, with mean
annual rainfall (1960–1995) of 260 mm. The study
was carried out 40 km south of Sidi Bouzid
(35x 46kN, 9x 36k E, 280 m above sea level), on the
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edge of a sebcha (‘succulent halophytic steppe’ of Le
Houerou & Le Floc’h, (1995)). The vegetation was
predominantly Chenopodiaceae,Salsola,Suaeda and
Arthrocnemum species, with occasional Atriplex sp.,
representing the much disturbed remnants of the
edge of the sebcha (Ozenda, 1991). The 100 ha
site was traversed by earth dykes some 2 m high,
constructed for ﬂood control, between which were
cultivated plots of wheat, separated by bands of natu-
ral vegetation (Fichet-Calvet et al. 2000a). Samples
were collected at 7 to 13-week intervals, 10 times
betweenMay 1995 and January 1997, as described by
Fichet-Calvet et al. 1999). For each trapping session,
the rainfall, the number of rain days and the mean
temperature during the 2 previous months are pres-
ented in the Table 1. According to Gaussen’s con-
vention (1975), the climatic conditions are deﬁned as
wet in September and November 1995 and March
1996 whereas the other collections were made under
dry conditions (Fichet-Calvet et al. 1999).
Host population parameters
Relative abundance was measured as the number of
captures per 100 m of trap line, each line varying
from 60 to 280 m (Fichet-Calvet et al. 1999). Two
kinds of traps were used, pincer traps on dykes and
wire mesh cage traps on the residual band of the
sebcha. The relative abundance is considered here
as the mean of the 2 trapping indices ((pincer abun-
dance index+cage abundance index)/2). Animals
were killed as part of the study of cutaneous leish-
maniasis, by complete cardiac exsanguination carried
out under anaesthetic. They were weighed on a top
pan balance to 1 g and were classiﬁed as sexually ac-
tive if females were pregnant or lactating and if males
had seminal vesicles more than 10 mm in length.
The weight of the desiccated eye lens is considered
as the best indirect measure of age for mammals
(Lord, 1959; Martinet, 1966; Morris, 1971). This
clearly distinguishes young animals from older
individuals with similar weights or body sizes. Eyes
were removed and preserved for at least 2 weeks in
10% formalin, then the lens was extracted, dried for
2 h at 100 xC and weighed on a top pan balance to
0.1 mg. The combined weight of both lenses was
used. In our study, the correlation between eye lens
weight (ELW) and age was not established precisely,
as no standard curve was available, but we were able
to diﬀerentiate 4 age classes comprising (i) juveniles
under 2 months (ELW <20 mg), (ii) young adult
animals 2–4 months old (ELW=[20–30] mg), (iii)
adults 4–6 months old (ELW=[30–40] mg) and (iv)
adults over 6 months old (ELWo40 mg).
Detection and identiﬁcation of parasite infections
During dissections of P. obesus, the small intestine
was opened longitudinally and the presence or ab-
sence of tapeworms was noted. From September
1995, each intestine was preserved in 10% formalin.
Parasites were later counted and weighed. The wet
weight was measured to the nearest 0.001 g after
each group of worms had been carefully blotted to
free them of excess liquid. Selected specimens
were ﬂattened and ﬁxed with Bouin’s solution for
identiﬁcation. These were stained with aceto-
carmine and diﬀerentiated with acid alcohol, then
dehydrated, cleared, and mounted in Canada
balsam. All specimens were identiﬁed, with the as-
sistance of Dr R. A. Bray of the Natural History
Museum, London, asRaillietina trapezoides (Janicki,
1904).
Data analysis
According to the reproductive cycle in P. obesus in
this area (Fichet-Calvet et al. 1999), the seasons
were partitioned as follows. (i) Spring for May
1995 and March 1996 when the population was
Table 1. Weather records at Sidi Bouzid station between March 1995
and December 1996
(The rainfall (in mm), the number of rain days and the mean temperature (in xC)
are given for 2 months preceding each collection. The climatic period, dry or wet,
are calculated from these 2 month records.)
Month Rainfall
Rain
days Temperature Session
Climatic
period
Mar.+Apr. 95 20.2 11 14.7 May 95 Dry
May+June 95 24.0 4 25.4 July 95 Dry
July+Aug. 95 76.7 12 30.1 Sept. 95 Wet
Sept.+Oct. 95 122.7 22 22.1 Nov. 95 Wet
Nov.+Dec. 95 27.9 17 14.5 Jan. 96 Dry
Jan.+Feb. 96 73.3 24 11.6 Mar. 96 Wet
Apr.+May 96 79.5 21 16.0 June 96 Dry
June+July 96 23.1 9 27.5 Aug. 96 Dry
Sept.+Oct. 96 63.7 9 22.7 Nov. 96 Dry
Nov.+Dec. 96 12.8 2 14.3 Jan. 97 Dry
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composed of many juveniles, and sexually active
adults ; (ii) summer for July 1995 and June 1996
when the adults were sexually inactive; (iii) late
summer for September 1995 and August 1996 when
reproduction was recommencing; (iv) autumn for
November 1995 and 1996 when adults born the pre-
vious spring were reproducing and (iv) winter for
January 1996 and 1997 when young and old adults
were reproducing. Season, climatic period, host sex,
age and relative density eﬀects on prevalence were
analysed by multiple logistic regression using a
binary factor (infected=1; uninfected=0) as the de-
pendent variable and season (5 levels: spring, sum-
mer, late summer, autumn and winter), climatic
period (2 levels : wet and dry), host sex (2 levels),
host age (continuous: elw) and host relative density
(continuous: abundance index) as the independent
variables. This analysis was performed with Systat
9, SPSS Inc. (1998) and followed the guidelines
presented by Falissard (1998).
In each infected individual, the parasite burden
is presented by number and by biomass. This
corresponds to intensity of infection according to
Margolis et al. (1982). Season, host sex, host den-
sity and age eﬀects on parasite burden by number
and by biomass were analysed by ANOVA, using
the quantitative factors, tapeworm number and bio-
mass, as the dependent variables and season (5 levels,
see above), climatic period (2 levels), sex (2 levels),
host age (4 levels: elw <20, elw=[20–30],
elw=[30–40] and elw o40) and host density (3
levels : low when ai=2.4, 2.7, 3.5, 6.5, medium
when ai=8.0, 13.6, 14.9 and high when ai=27.5)
as the independent variables. This analysis was
performed with SuperAnova 1.1, Abacus Concept
Inc. (1989).
The crowding eﬀect was analysed by simple re-
gression using the weight of individual tapeworms
as the dependent variable and the number of tape-
worms as the independent variable. This analysis
was performed with Statview 5, SAS Institute Inc.
(1998).
As the macroparasites often show an aggregated
distribution following a negative binomial law
Table 2. The structure of the sampled host population by session of capture, host sex, host age and host
relative density
(Host age is presented by class of eye lens weight in mg (elw). Relative density corresponds to the number of rats trapped
per 100 m (Fichet-Calvet et al. 1999). See Material and Methods section for further explanation.)
Session Females Males elw<20 elw=[20–30] elw=[30–40] elwo40 Relative density
May 95 37 37 28 29 16 1 21.0
July 95 9 11 0 8 9 3 3.3
Sept. 95 31 25 2 0 34 20 2.7
Nov. 95 32 29 6 34 1 20 8.0
Jan. 96 35 30 34 21 1 9 14.9
Mar. 96 47 56 74 21 5 3 27.5
June 96 20 27 4 31 10 2 13.6
Aug. 96 21 24 0 0 28 17 3.5
Nov. 96 20 23 0 0 4 39 2.4
Jan. 97 29 39 0 0 0 68 6.5
Table 3. Logistic regression results for Raillietina trapezoides infection
in Psammomys obesus in a global model (5 variables) and a restricted
model (3 variables)
(elw=eye lens weight in mg; ai=abundance index in number of rats trapped per
100 m. n=577. Winter, wet conditions and male status serve as reference in this
analysis and are thus not presented here.)
Variable
Global model Restricted model
P Odds ratio P Odds ratio
Season autumn 0.599 1.234 0.244 1.425
Season spring 0.013 0.219 <0.0001 0.162
Season summer 0.549 1.181 0.570 1.175
Season late summer 0.040 2.793 <0.0001 3.467
Climatic period dry 0.040 1.531 0.018 1.590
Host sex female 0.900 1.017
Host age
(4.6felwf62.4)
<0.0001 1.125 <0.0001 1.129
Host relative density
(2.4faif27.5)
0.580 0.975
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(Wilson et al. 2002), we tested the distribution of
the number and the biomass of the tapeworms by
using the formula:
1=1=qk+k(p=qk+1)+ . . .
+[(k(k+1) . . . (k+nx1))=n !][pn=qk+n],
where p=mean/n, q=1+p and k=xlog p (ﬁrst
observed class)/log q. k is the negative binomial
exponent qualifying the degree of aggregation.
Frequency distribution for goodness to negative
binomial and normal were then tested by x2.
RESULTS
A total of 582 P. obesus were examined between May
1995 and January 1997. The overall prevalence of in-
fection in all rodents in the survey was 47% (276/582)
when measured during autopsy. The second, more
meticulous examination, by dissecting microscope,
added around 4% to the prevalence estimate. As
the time-series was shorter for the latter specimens,
autopsy observations were used for the longitudinal
study of prevalence. The structure of the sampled
host population is presented in the Table 2.
Fig. 1. Prevalence of Raillietina trapezoides and abundance of its host, Psammomys obesus, in the same period.
Fig. 2. Distribution of Raillietina trapezoides in Psammomys obesus by age (eye lens weight) and sex of host and by season.
Each pyramid corresponds to the proportion of females (left) and males (right) sampled at each session (shaded area) in
which the proportion of infected individuals is included (black area). To equalize the pyramid surface between small
and large samples, the length of each horizontal bar reﬂects the proportion of individuals in each collection (total length
of bars in each collection=1). n, Number of P. obesus sampled.
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The prevalence
The inﬂuence of season, climatic period, host sex, age
and relative density on prevalence was analysed by
multiple logistic regression. The results are sum-
marized in Table 3.
In the global model, the main eﬀect on prevalence
was due to host age, and was highly signiﬁcant. The
season as spring and late summer were also signiﬁ-
cant with odds ratios of 0.219 and 2.793 respectively.
This indicates that prevalence was about 1/5 lower in
spring and 2.8 higher in late summer compared to
winter. The climatic period was signiﬁcant with
an odds ratio indicating that prevalence was 1.5
higher in dry than in wet conditions. The host sex
and relative density were not signiﬁcant, leading
to restrict the model to 3 variables only: season,
climatic period and host age (Table 3). In a third
step, a 3-way interaction ‘seasonrclimatic period
rhost age’ was included in the restricted model,
which was signiﬁcant in dry autumn (P=0.003)
whereas the main factor ‘climatic period’ turned to
non-signiﬁcant (P=0.058). This is illustrated in
Fig. 1, which shows the concomitant temporal
dynamics of R. trapezoides and P. obesus. The preva-
lence of R. trapezoides varied considerably between
winter (2% in March 1996) and summer (95% in
August 1996). The host age eﬀect is illustrated
in Fig. 2 where the age structure is presented for
each collection. Infected individuals were present
in each collection and in each ELW class over 10 mg.
Infection thus took place from June when the young
were still in the nest and the proportion increased in
the old adult classes. The succession of age pyramids
shows 2 cohorts ; one with individuals born before
summer 1995 (cohort 1) and the other with indi-
viduals born after summer 1995 (cohort 2).
Parasite burden: variation by season, climatic
conditions, host sex, host age and host density
Quantitative information was available for 207 in-
fected animals. Between 1 and 1514 tapeworms were
counted in individual hosts : 63% (130/207) of in-
fected animals harboured between 1 and 99 worms,
15% (32/207) between 100 and 199, and 22%
(45/207) more than 199. Figure 3 shows this distri-
bution by session of trapping. As the variable ‘num-
ber of tapeworms’ was highly aggregated (mean=
130, variance=30244, k=0.6) but not conform
to a negative binomial distribution (x2=27.970,
Fig. 3. Distribution of numerical parasite burden by season and by host cohort.
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P<0.0001, D.F.=3), it was normalized by log10
transformation which gave the best adjustment (x2=
7.75, P=0.933, D.F.=13) for analysis by ANOVA.
This analysis showed that the eﬀects of season, cli-
matic period, host age and host density were sig-
niﬁcant (Table 4). Rodents were more intensively
infected in late summer and autumn than in other
seasons (Fig. 4A), in wet than in dry conditions
(Fig. 4B), in low rather than medium or high den-
sities (Fig. 4C) and in young animals than in adults
(Fig. 4D). Because the season in combination with
climatic period or with age or with these two factors
could have an eﬀect on parasite burden, the 2-way
and 3-way interactions between them were included
in the model. Only the 2-way interaction ‘seasonr
host age’ was signiﬁcant. This is illustrated in Fig. 5
that shows diﬀerent patterns between seasons. The
2–4 month class was more intensively infected in
summer than in winter whereas the trend was in-
verse when rodents belonged to the 4–6 month class.
When the rodents became older, over 6 months, the
season seemed to have no inﬂuence on parasite
burden whereas the dry conditions depressed the
tapeworm number signiﬁcantly (F1,134=12.411,
P=0.0006). The age eﬀect mentioned above is par-
ticularly illustrated in the summer sample. Host sex
has no eﬀect on parasite burden by number.
The tapeworm biomass varied between 10 and
1780 mg, and showed an aggregated distribution
(mean=328 mg, variance=57386, k=2.4), but this
again did not conform to a negative binomial distri-
bution (x2=16.132, P<0.05, D.F.=7). Figure 6
shows this distribution by session of trapping. This
variable was normalized by square root transform-
ation which gave a better adjustment (x2=6.646,
P=0.827, D.F.=11) than a log10 transformation
(x2=14.482, P=0.207, D.F.=11). Except for season,
the ANOVA showed the same signiﬁcant eﬀects as
for tapeworm number i.e. climatic period, host age,
host density and the 2-way interaction ‘seasonrhost
age’ (Table 4). The eﬀects of each factor are
illustrated in Fig. 4E–H, which shows some opposite
trends to those for tapeworm number.
In each model, tapeworm biomass (in model
by number) or tapeworm number (in model by bio-
mass), entered as a covariate in a second step, was
highly signiﬁcant (F1, 207=49.757, P<0.0001)
indicating that these two variables were strongly
correlated.
Parasite burden: a crowding eﬀect
To analyse the relation between the number and the
biomass of tapeworms, the weight of each worm was
calculated by dividing the biomass by the number.
The new variable ‘weight of individual tapeworms’
varied between 0.149 and 100 mg in an aggregated
distribution (mean=9.646, variance=197.983) and
was normalized by log10 transformation (x
2=6.553,
P>0.900, D.F.=13). The simple regression using
log10 weight/tapeworm as dependent variable and
log10 number of tapeworms as independent variable
was highly signiﬁcant (r=0.833, P<0.0001, n=
207). This is illustrated in Fig. 7 where the more
numerous the worms in an infection, the smaller
they were individually.
DISCUSSION
Season eﬀect
The prevalence of R. trapezoides in P. obesus was
found to vary between 2% in late spring, and 100%
in late autumn. This variation of prevalence through
the year justiﬁes a longitudinal approach and com-
parison with other cestode infections would be valid
in homologous seasons only. A recent study in the
Sinai (Behnke et al. 2000) showed 18.5% (4/27)
prevalence of the intestinal cestode Rodentolepis
negevi in the spiny mouse Acomys cahirinus in
May–June whereas, in our study, the prevalence of
R. trapezoides rose to 50% in P. obesus in the same
Table 4. Extrinsic and intrinsic sources of variation in the Raillietina
trapezoides burden by number or in biomass in Psammomys obesus
through ANOVA
Source of variation D.F.
Number Biomass
F P F P
Season 3 8.905 <0.0001 1.907 0.1299
Climatic period 1 4.165 0.0427 20.580 <0.0001
Host sex 1 0.020 0.8899 0.014 0.9061
Host age 3 9.888 <0.0001 5.208 0.0018
Host density 1 16.034 <0.0001 18.339 <0.0001
Seasonrclimatic period 1 2.771 0.0977 3.216 0.0745
Seasonrhost age 6 6.842 <0.0001 3.173 0.0055
Seasonrclimatic period
rhost age
1 1.641 0.2018 0.216 0.6424
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months. As the rodents were collected in similar
habitats in the two studies, wadi gardens in the Sinai
and salt lowland in Tunisia, this diﬀerence in
prevalence indicates that R. trapezoides is much
more common than R. negevi in those habitats. In
temperate climates such as Ireland, the prevalence
of Catenotaenia lobata in the wood mouse Apodemus
sylvaticus varied between 2% and 67% with the
highest values occurring in winter and in spring
(Montgomery & Montgomery, 1988). In Finland,
the prevalence of Catenotaenia sp. in the bank vole
Clethrionomys glareolus (Haukisalmi, Henttonen
Fig. 4. Main eﬀects of season, climatic period, host density and host age on the parasite burden by number (A–D) and
on the parasite burden by biomass (E–H).
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& Tenora, 1988) varied between 10% and 40% with
the maximum in spring, in overwintered voles. The
parasite burden follows a seasonal pattern with a low
number of worms in summer and a high number of
worms in late summer and autumn.
Host age eﬀect
This seasonal inﬂuence is highly dependent on the
structure of the host population through the age ef-
fect. Older hosts have a higher probability of being
infected. The host age structure is dependent on
the reproduction period. Following abundant re-
production during autumn–winter 1995–1996, the
rodent population comprised a large proportion of
juveniles and young adults in March 1996. Lack of
reproduction during the following 6 months led to
an ageing population in January 1997, as illustrated
by a high-set population pyramid (Fichet-Calvet
et al. 1999). Since P. obesus breeds only in the winter,
these numerous and heavily infected rodents in the
summer were all adults. As the global and restricted
model showed in this study, this factor is funda-
mental and has to be considered before season to
explain the variation in prevalence in the longitudi-
nal survey. The dominant eﬀect of age has been
pointed out in rodents infected with other parasites,
e.g. cestodes (Behnke et al. 1993, 1999), trematodes
(Duplantier & Se`ne, 2000), protozoan (Turner,
1986), bacteria (Godeluck et al. 1994; Fichet-Calvet
et al. 2000b) and virus (Mills et al. 1992). Kisie-
lewska (1971) proposed to use the prevalence and
intensity of infection with intestinal helminths as
age indicator in common voles, Microtus arvalis.
The strong correlation between prevalence and age
indicates also that P. obesus is susceptible throughout
its life. In addition, the positive age eﬀect on parasite
burden by number suggests that P. obesus can be
reinfected after a ﬁrst infection and accumulate
worms in their intestines. The high worm burden
(by number) in early summer and autumn supports
this hypothesis. However,Munger &Karasov (1991)
showed a decreasing prevalence of Hymenolepis ci-
telli in the white-footed mouse, Peromyscus leucopus,
with time. In their experiments, the prevalence de-
creased to 30% thirty days after infection in labora-
tory experiments and to 55% three months after
infection in nature. The same phenomenon was
observed in the deer mouse, P. maniculatus infected
by the same worm (Wassom, Guss & Grundmann,
1973) and for the better known worm, H. diminuta
infecting rats (Andreassen et al. 1999). According to
these studies, an expulsion mechanism seems to be
the rule for intestinal cestodes. In our study, it is
probable that R. trapezoides was regularly acquired
throughout the year with a higher transmission rate
in summer in combination with such an expulsion
mechanism. When the overall sample is analysed,
expulsion could be obscured by a higher rate of
acquisition. In the restricted sample from August
1996 to January 1997, there is a decrease in the num-
ber of tapeworms per host. This trend could reﬂect
a higher expulsion mechanism at this time or a
higher mortality rate in heavy infected rodents in
dry conditions.
Climatic conditions
The second year of the study was particularly dry,
with only 144 mm rainfall, in 18 rainy days between
June and December and we wanted to test for any
inﬂuence of these climatic diﬀerences on the trans-
mission of the tapeworm. The prevalence depended
on the climatic period, with the highest rate of infec-
tion occurring in dry conditions. Nevertheless, this
variable became non-signiﬁcant when interaction
‘seasonrclimatic periodrhost age’ was included in
the model, suggesting that drought had an impact
only in autumn and not in other seasons. Addition-
ally, the burden by number is lower in dry than in
wet conditions. This suggests that bad weather con-
ditions such as the lack of rainfall in autumn–winter
1996–1997 lead to a decrease of the worms in adults.
Again, this could be due to a stronger expulsion
mechanism when food is poorly available and/or a
higher mortality rate in heavily infected rodents.
Because the rodents at this time needed to explore a
larger home range and also to disperse more for pro-
viding green leaves and water intake, the predation
risk could be higher then, than in wet conditions.
Host density eﬀect
Even though the highest prevalences were seen when
the hosts were all adults, and the population density
was low, the host density had no inﬂuence on preva-
lence when season, climatic conditions and host
age were taken into account. A similar pattern of
host abundance and parasite prevalence was seen
in Bartonella spp. in the same host (Fichet-Calvet
et al. 2000b). Both of these parasites presumably
depend on invertebrates for their transmission, and
the abundance of intermediate hosts in summer
Fig. 5. Interaction eﬀects of season and host age on the
parasite burden by number.
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explains the high rate of transmission in summer. In
other host–parasite combinations where the rodent
is the deﬁnitive host and the arthropod is the inter-
mediate host, this trend between prevalence and
host density may be even more general. In early
studies in Norway on rodent densities and parasites,
the prevalence of Aprostatandrya macrocephala in
the bank vole Clethrionomys glareolus was high when
the host population density was at its lowest, and was
low when the host population was at its highest
(Tenora, Wiger & Barus, 1979). In Finland, the
prevalence of other intestinal cestodes such as Cate-
notænia sp. infecting the same species of rodent, was
studied over 12 years by Haukisalmi & Henttonen
(1990) who found a negative correlation between
prevalence and density. More recently, Decker,
Duszynski & Patrick, (2001) showed a similar pat-
tern for the kangaroo rats Dipodomys ordii and
D. merriami infected with Raillietina sp. in a 10-year
survey of a rodent community inNewMexico (USA).
In their study, one other cestode, Hymenolepis sp.
was also negatively correlated with D. spectabilis and
D. merriami. Nevertheless in these two long-term
studies, the authors showed also no correlation in
model such as C. glareolus/Paranocephala kalelei
(Haukisalmi & Henttonen, 1990) and D. merriami/
Oochoristica sp. (Decker et al. 2001). This indicates
that the dependence is not the rule for dixenous
cestodes infecting rodents as deﬁnitive hosts. More
investigation on ﬁrst, the identity and second, the
ﬂuctuations of the intermediate host are required to
understand why prevalence is sometimes dependent
on, and sometimes independent of rodent density.
Conversely, the host density had an eﬀect on para-
site burden by increasing the number of worms
in low densities which mainly correspond to late
summer. We can suggest that this eﬀect is probably
a consequence of an increase in insectivory. The
intermediate host is probably an insect (as a Teneb-
rionide forH. diminuta) and could be eaten in higher
proportion in summer or in dry autumn when
saltbushes are desiccated and contain high con-
centrations of salt and the populations are at low
density.
Fig. 6. Distribution of parasite biomass, by season and by host cohort.
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Crowding eﬀect
The negative correlation between the weight of in-
dividual worms and the number in an infection is a
clear illustration of the ‘crowding eﬀect ’. This eﬀect
is well known in other cestode infections, notably
Hymenolepis diminuta in Rattus norvegicus (Zavras
& Roberts, 1985; Quinnell, 1988; Hopkins &
Andreassen, 1991). The crowding eﬀect has been
widely described, for example in Schistosoma man-
soni in hamsters (Coelho et al. 1976) and in Ascaris
lumbricoides infections of children in the Philippines
(Monzon et al. 1990). In our study, the presence
of as few as 5 individual worms reduced their
weight by half, and between 5 and 10, the weight of
individuals was further halved. Cook & Roberts
(1991) suggested that secretion of inhibitors of DNA
synthesis by H. diminuta inhibits the growth of
worms, and protects the host from dying from ex-
cessive burdens. The smaller size also may be
a consequence of the immune response as described
in the modelH. diminuta/R. rattus (Andreassen et al.
1999). The numerous small destrobilated worms
in heavily infected hosts support this hypothesis.
They rarely carried gravid segments, conﬁrming
that the increasing number of worms in R. rattus
was linked with decreasing fecundity (Hesselberg &
Andreassen, 1975 in Combes, 1995). Additional hy-
potheses such as the genetic heterogeneity of worms
Fig. 7. Negative correlation between the weight by worm and the number of worms reﬂecting the crowding eﬀect
of Raillietina trapezoides in Psammomys obesus.
Table 5. Summary of abiotic and biotic eﬀects on prevalence and
intensity of infection of Raillietina trapezoides in Psammomys obesus
(+ or x=positive or negative eﬀect at the noted level. ¡ indicates an inter-
mediary position of the level eﬀect.)
Variable Prevalence
Intensity
(number)
Intensity
(biomass)
Season +Late summer
xSpring
+Late summer,
autumn
¡Spring, winter
xSummer
Test N.S.
Climatic period +Dry +Wet
xDry
+ Dry
xWet
Host sex None None None
Host age + +>4 Months
¡1–2 Months
x2–4 Months
+1–2 &>6 Months
¡2–4 Months
x4–6 Months
Host density None +Low
¡High
xMedium
+High, Medium
xLow
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and concurrent infections could also explain the
crowding eﬀect.
To summarize, in this study the most signiﬁcant
factors predicting both the prevalence and the para-
site burden of R. trapezoides were season, climatic
conditions and host age whereas host density aﬀec-
ted intensity only. Host sex did not inﬂuence the
infection rate or intensity. According to Andreassen
et al. (1999), the crowding eﬀect was mainly due to
the host’s immune response which could emerge by
reducing the number of worms when the fat sand
rats are old and rare in dry conditions. Despite the
mainly folivorous diet of this species (Daly & Daly,
1973; Zaime & Gautier, 1989), a complementary
insect intake is suspected very early in its life.
This study forms part of a project on the ecological inter-
action between P. obesus and cutaneous leishmaniasis,
funded by the Avicenne Programme of the European
Commission, AVI CT92/0018. E.F.C. beneﬁtted from a
grant from the Socie´te´ de Secours des Amis des Sciences
(Paris). We are grateful to Guila Ganem (Institute for
Evolution Sciences at Montpellier II University) and
Khiem Dang Van for helping in the statistical analysis and
two anonymous reviewers for improving this paper in its
earlier version.
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